INTRODUCTION
Major advancements in both molecular phylogenetic and morphological studies (Abu-Asab & Cantino, 1992; Cantino, 1992a, b; Wagstaff & Olmstead, 1997; Wagstaff & al., 1998) have convincingly demonstrated that the Lamiaceae (mint family) is polyphyletic as traditionally circumscribed (e.g., Bentham, 1876; Briquet, 1895 Briquet, -1897 . In an expansive morphological analysis, Cantino (1992a, b) redefined the family based largely on the classification of Junell (1934) , and an expanded Lamiaceae was adopted after incorporating some former members of Verbenaceae into Lamiaceae s.str. This newly circumscribed Lamiaceae s.l. has been widely accepted (see APG III, 2009 ). According to the most recent classification of the family , Lamiaceae comprises ca. 7200 species in about 235 genera and is the sixth-largest family of flowering plants. Lamiaceae were divided into seven subfamilies by February 2016: 123-136 recent classification of Lamiaceae, treated Ombrocharis as incertae sedis within the family and suggested that further studies were needed to determine the relationships of the genus. In the online synoptical classification of Lamiales (Olmstead, 2012) , the genus was treated as incertae sedis within Nepetoideae.
Version of Record
During a field trip to Mt. Yunshan in Hunan in 2013, we discovered a single population of Ombrocharis dulcis containing about 30 plants. The rediscovery of the population at the type locality allowed us to evaluate the phylogenetic position of Ombrocharis using both molecular and morphological evidence.
rbcL, five ndhF), while other data were taken from our previous studies (Li & al., 2012; Chen & al., 2014) or downloaded from GenBank (see Appendix 1) . We used the phylogenetic results from this first set of analyses as a basis for a more focused second round of analyses.
In the second set of analyses, we further explored the placement of Ombrocharis within subfamily Nepetoideae. We employed four cpDNA markers (partial ycf1, rps15-ycf1 spacer, trnL-F, rpl32-trnL) and two nuclear ribosomal DNA (nrDNA) loci-the internal and external transcribed spacer regions (ITS, ETS). These markers have previously been found to be informative in phylogenetic studies of tribe Mentheae and subfamily Nepetoideae (Drew & Sytsma, 2011 , 2012 . This ingroup sampling comprised 55 accessions and represented 52 taxa from 34 genera of Nepetoideae. In the classification of Lamiaceae by , Nepetoideae was divided into three tribes: Elsholtzieae, Mentheae, and Ocimeae. Because Ombrocharis showed a close relationship to genera of tribe Elsholtzieae according to the results from the first set of analyses, we expanded the sampling to include all six genera of Elsholtzieae (24 accessions in total) in our second round of analyses. Based on Drew & Sytsma (2012) , 23 accessions from 20 genera of Mentheae were sampled, representing all five subtribes. Within tribe Ocimeae, seven subtribes are currently recognized Zhong & al., 2010) ; we selected one accession for each subtribe. Callicarpa and Tectona were chosen as outgroups. For the second set of analyses, we generated 154 original sequences and downloaded the remaining data from GenBank (see Appendix 1) .
Because only one population of Ombrocharis dulcis is known from the wild, we obtained sequences for the eight DNA markers from five individuals. However, no variation was found among the five individuals. Therefore, we only included a single accession of O. dulcis in the final analysis.
Generic circumscription largely follows with the exception of Keiskea Miq., which was treated as a synonym of Collinsonia L. by , and Lepechinia leucophylloides (Ramamoorthy & al.) B.T. Drew & al., which was placed in Neoeplingia Ramamoorthy & al. by but re-named by Drew & al. (2014) . Voucher information for accessions with original sequences and GenBank accession numbers for all sequences used in the current study are listed in the Appendix 1.
DNA extraction, amplification, and sequencing. -Total genomic DNA was extracted from silica-gel-dried leaf material using the modified CTAB method of Doyle & Doyle (1987) , then dissolved in TE buffer and kept at −20°C for polymerase chain reaction (PCR) amplification.
For the PCR amplification of rbcL, primers Z1F and Z1351R (Soltis & al., 1992) were used. The PCR reaction mixtures and program for rbcL followed Chen & al. (2014) . The ndhF gene was amplified using primers ndhF1 and ndhF2112R (Olmstead & Reeves, 1995) , while PCR protocols followed those of Li & al. (2012) .
For ycf1, only a fragment of ca. 1000 bp at the 3′-end of the gene was amplified using the primers 4597f (5′-TTGATT GGATGGGAATGAATG-3′) and 5778r (5′-AGATGTATCC February 2016: 123-136 TTAASATACYGAAACG-3′); for amplification of the rps15-ycf1 spacer, the primers rps15r and 5711f given in Drew & Sytsma (2011) were used. The universal primers c and f (Taberlet & al., 1991) were used to amplify the trnL-F region. PCR amplifications of rpl32-trnL used the primers trnL (UAG) and rpL32-F provided in Shaw & al. (2007) . The PCR program used to amplify these four regions was: 4 min at 94°C; 35 cycles with 30 s at 94°C, 90 s at 50°C, and 2.5 min at 72°C; and 7 min at 72°C.
ITS was amplified using either primer pairs ITSA and ITSB (Blattner, 1999) , or ITS4 and ITS5 (White & al., 1990) ; ETS was amplified with primers ETS-B (Beardsley & Olmstead, 2002) and 18S-IGS (Baldwin & Markos, 1998) . Amplification of the two markers was performed as follows: an initial denaturation at 95°C for 5 min followed by 35 cycles of 45 s denaturation (95°C), 45 s annealing (57°C), and 50 s extension (72°C), ending with a final extension at 72°C for 7 min.
The PCR mixtures for all loci contained 2.0 μl of 10× reaction buffer, 2.0 μl of dNTP mixture, 1.5 μl of MgCl 2 , 1 μl of bovine serum albumin (BSA, 20 mg/ml), 1 μl of each primer (10 μM; Sangon Biotechnology, Shanghai, China), 0.3 μl Taq polymerase (2.5 U/μl; Tiangen Biotech, Beijing, China), 2.0 μl of unquantified template DNA, and deionized water added to a final volume of 25 μl.
PCR products were checked on 1% TAE agarose gels, and purified using a QIAquick PCR purification kit (BioTeke, Beijing, China) following the manufacturer's instructions. Sequencing reactions were performed with the dideoxy chain termination method running on an ABI-PRISM-3730 automated sequencer (Sangon Biotechnology). Sequencing primers for each DNA marker were the same as the PCR primers described above.
Sequence alignment and phylogenetic analyses. -Sequences were assembled and edited using Sequencher v.4.1.4 (Gene Codes, Ann Arbor, Michigan, U.S.A.). Alignment was initially performed with MUSCLE (Edgar, 2004) , as implemented in MEGA v.6.0 (Tamura & al., 2013) , and then adjusted manually in PhyDE v.0.9971 (Müller & al., 2010) . Ambiguously aligned regions (e.g., characters of uncertain homology among taxa) in the ITS, ETS, rps15-ycf1 spacer, trnL-F, and rpl32-trnL datasets were deleted before phylogenetic reconstruction.
Phylogenetic analyses were conducted using maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI) approaches.
MP analyses were conducted using PAUP* v.4.0b10 (Swofford, 2003) with the following settings: heuristic search option, tree-bisection-reconnection (TBR) branch swapping with 1000 random sequence addition replicates, 10 trees saved per replicate, all characters weighed equally and unordered. A strict consensus tree was summarized from all the mostparsimonious trees (MPTs) retained. Bootstrap support (BS) values were calculated from 10,000 rapid bootstrap replicates with each comprising 10 random sequence addition replicates, with only one tree saved per replicate.
Partitioned ML analyses were implemented with RAxML-HPC2 v.8.1.11 (Stamatakis, 2014) Miller & al., 2010) . A partitioned model (-q) was selected, and 1000 bootstrap iterations (-# | -N) were conducted, with other parameters using the default settings.
Partitioned BI analyses were carried out using MrBayes v.3.2.2 (Ronquist, 2012) on the CIPRES Gateway (Miller & al., 2010) . Models for each partition were selected among models analyzed by MrBayes using Bayesian model choice criteria (nst = mixed rates = gamma) rather than specifying best-fit models using a priori testing procedures (Huelsenbeck & al., 2004; Ronquist & al., 2011) . Markov Chain Monte Carlo (MCMC) analysis was executed for 20 million generations with four chains, each starting with a random tree and sampling one tree every 1000th generation. The temperature parameter was lowered to 0.05 to achieve convergence. To avoid the issue of branch length overestimation (Brown & al., 2010; Marshall, 2010) , we employed a uniform compound Dirichlet prior for branch lengths with the default command "brlenspr = unconstrained: gammadir (1, 0.1, 1, 1)". Convergence of runs was accepted when the average standard deviation of split frequencies (ASDSF) dropped below 0.01. Tracer v. 1.6.0 (Rambaut & al., 2014) was used to inspect the convergence of model parameters and check whether the values of effective sample size (ESS) were ≥ 200. The first 25% of the resulting trees were discarded as burn-in, and the posterior probabilities (PP) were then calculated using the remaining trees to construct a 50% majority-rule consensus tree. Optimal models for the various markers were also selected using the Akaike information criterion (AIC) and jModelTest v.2 (Guindon & Gascuel, 2003; Darriba & al., 2012) on the CIPRES Gateway (Miller & al., 2010) . The corresponding parameters were used for BI analyses, and the following results were compared with those from the analyses described above.
Gaps were treated as missing data for all loci initially, while for the ycf1, rps15-ycf1, trnL-F, and rpl32-trnL datasets prior to MP and partitioned BI analyses, gaps were also coded using the simple gap coding of Simmons & Ochoterena (2000) in SeqState v.1.4.1 (Müller, 2005) . The command "coding = variable rates = gamma" was used for the model of coded gaps in the partitioned BI analyses.
All resulting trees with nodal support values were visualized in TreeGraph v.2 (Stover & Muller, 2010) .
Evaluation of marker incongruence. -Incongruences among different datasets (cpDNA regions, nrDNA regions, combined cpDNA dataset, combined nrDNA dataset) were explored through visual comparison of tree topologies and support values. Hard incongruence was defined as BS ≥ 80% and/ or PP ≥ 0.95 (Pelser & al., 2010) .
RESULTS
Supplementary description of Ombrocharis. -Our observation of living plants in the wild largely corroborates the description of Ombrocharis by H. Handel-Mazzetti (1936) . However, we found that the calyx is 5-lobed (3/2) with the posterior lip 3-lobed and the anterior lip 2-lobed ( Fig. 1F) , as revised in but contrary to the description of Ombrocharis (Handel-Mazzetti, 1936). Furthermore, February 2016: 123-136 the corolla was described as pale violet by Handel-Mazzetti (1936) , while all flowers we observed in the wild were white (Fig. 1D, E) .
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Pollen grains of Ombrocharis dulcis are hexacolpate ( Fig.  2A) , and the exine ornamentation is bireticulate with perforations on the ridges (Fig. 2B ). The polar axis (P) = 54.353 ± 3.500 μm, and the equatorial axis (E) = 46.118 ± 2.315 μm. The pollen shape is subspheroidal (prolate spheroidal to subprolate; P / E = 1.179 ± 0.061).
Mericarp micromorphology of Ombrocharis dulcis is shown in Fig. 2C and D. The mean length (L) = 1.910 ± 0.121 mm, and the mean width (W) = 1.154 ± 0.089 mm. The shape of the mericarp is obvoid (L / W = 1.663 ± 0.158). The surface sculpturing is colliculate.
Sequence characterization. -Properties for different datasets are summarized in Table 1 . In the first set of analyses, the aligned rbcL and ndhF datasets were 1394 bp and 2129 bp, respectively. In the second set of analyses, the combined Abbreviated column headers are as follows: ALIG, alignment (determined after excluding ambiguously aligned characters); NVC, number of variable characters; NPIC, number of parsimony-informative characters; NMPT, number of most-parsimony trees; CI, consistency index; RI, retention index; BFSM, best-fit substitution model; NCE, number of characters excluded; NCG, number of coded gaps (gaps were coded after the ambiguously aligned characters had been excluded) and " * " indicates a support value of 100%). Subfamilial classification of Lamiaceae is based on . Taxa marked with an "" were treated as incertae sedis by . Scale bar denotes the expected number of substitutions per site in Bayesian analysis. from the first set of analyses (Fig. 3 ) and the combined cpDNA dataset (Fig. 4) and the combined nrDNA dataset (Fig. 5 ) from the second set of analyses are presented, with bootstrap support values from MP and ML analyses (without gap coding) indicated. The phylogenetic framework of Lamiaceae (Fig. 3) resulting from the concatenated rbcL and ndhF dataset is largely consistent with previous studies (Li & al., 2012; Chen & al., 2014) . Lamiaceae are strongly supported as monophyletic (BI-PP = 1.00/MP-BS = 100%/ML-BS = 100%; all values follow this order hereafter), although relationships within the family are not well resolved. Ombrocharis is sister to a well-supported clade (1.00/85%/95%) formed by Collinsonia and Elsholtzia Willd., and the robustly supported Ombrocharis-CollinsoniaElsholtzia clade (1.00/100%/100%) is nested within the subfamily Nepetoideae (1.00/100%/100%). February 2016: 123-136 In the second set of analyses, which aimed to investigate the position of Ombrocharis within Nepetoideae, we expanded sampling within the subfamily, especially for the tribe Elsholtzieae, and analyses of two nrDNA and four cpDNA datasets were conducted. The combined cpDNA dataset yields a better resolved phylogeny (Fig. 4) than the combined nrDNA dataset (Fig. 5) , probably due to the larger number of variable sites (1427 vs. 628) and/or the greater consistency (CI = 0.678 vs. CI = 0.403) in the cpDNA dataset than in the nrDNA dataset. In both datasets, three clades are recovered within the monophyletic and well-supported subfamily Nepetoideae (Fig. 4: 1.00/100%/100%; Fig. 5: 1 .00/83%/100%). These clades correspond to tribe Mentheae (Fig. 4: 1.00/100%/100%; Fig. 5: 1.00/86%/96%), tribe Ocimeae (Fig. 4: 1.00/100%/100%; Fig. 5: 1.00/71%/89%), and tribe Elsholtzieae (Fig. 4: 1.00/100%/100%; Fig. 5: 1 .00/60%/84%). The cpDNA phylogeny (Fig. 4) shows that Ombrocharis is sister to Perillula Maxim. (1.00/100%/100%), and that these two monotypic genera form a clade sister to the remainder of tribe Elsholtzieae (1.00/100%/100%). Ombrocharis and the two accessions of Perillula form a trichotomy in the nrDNA phylogeny (Fig. 5) , while the sister-group relationship between the Ombrocharis-Perillula clade (1.00/100%/100%) and the rest of Elsholtzieae (0.92/-/-) are weakly supported .

Incongruence among datasets. -Visual comparison of the resulting topologies based on supporting values revealed few well-supported discrepancies except for the combined nrDNA (ITS, ETS) and combined cpDNA (ycf1, rps15-ycf1, trnL-F, rpl32-trnL) datasets. Two clades that received strong support but were in conflict in different datasets were identified: subtribe Salviinae (represented here by Lepechinia Willd., Melissa L., Salvia L., and Rosmarinus L.) was monophyletic in the cpDNA tree (Fig. 4: 1.00/100%/ 100%), but was paraphyletic in the nrDNA phylogeny (Fig. 5) with Salvia and Rosmarinus forming a clade (0.83/67%/73%) sister to all other subtribes of tribe Mentheae (1.00/-/88%) while Lepechinia and Melissa formed a clade sister to the rest of Mentheae including the Salvia-Rosmarinus clade (0.62/67%/71%). Keiskea, Perilla L., and Mosla (Benth.) Buch.-Ham. ex Maxim. formed a strongly supported clade in the cpDNA (Fig. 4: 1.00/100%/100%) and nrDNA trees (Fig. 5: 1 .00/98%/99%). However, in the cpDNA phylogeny (Fig. 4) , Mosla was sister to the Keiskea-Perilla clade (1.00/100%/100%), while in the nrDNA tree (Fig. 5) , Keiskea was sister to the Mosla-Perilla clade (0.97/78%/81%). Because of the discrepancies between the cpDNA and nrDNA datasets, we did not combine the two matrices in the second set of analyses.
DISCUSSION
Ombrocharis is part of subfamily Nepetoideae. -Our analyses based on the combined rbcL and ndhF dataset provide strong evidence that Ombrocharis is a member of subfamily Nepetoideae (Fig. 3) . This hypothesis is also supported by pollen morphology, as previously suggested by Cantino & Sanders (1986) . Erdtman (1945) proposed that Lamiaceae be divided into two subfamilies based on pollen characters, viz., subfamily Lami oideae (with tricolpate pollen grains that shed at the 2-celled stage) and subfamily Nepetoideae (pollen usually hexacolpate and 3-celled when shed). Although Lamioideae sensu Erdtman (1945) was later shown to be polyphyletic (Cantino, 1992a, b) , Nepetoideae sensu Erdtman (1945) has been consistently shown to be monophyletic in numerous studies (Cantino & Sanders, 1986; Kaufmann & Wink, 1994; Wagstaff & al., 1995 Wagstaff & al., , 1998 Wagstaff & Olmstead, 1997; and is one of the best supported and most easily diagnosable of the seven subfamilies of . As the largest subfamily in Lamiaceae (containing about one-third of the genera and half of the species), Nepetoideae are united by several synapomorphies, including hexacolpate and trinucleate pollen (the most distinctive and easily observed feature), presence of rosmarinic acid, and an investing embryo (Cantino & Sanders, 1986; . Based on limited material from herbarium specimens, Cantino & Sanders (1986) found that Ombrocharis had 3-celled pollen. Although the number of colpi was not observed, they hypothesized that Ombrocharis belongs to subfamily Nepetoideae. Our SEM results show that Ombrocharis indeed has hexacolpate pollen grains ( Fig. 2A) , further corroborating the placement of the genus within Nepetoideae.
Ombrocharis is a member of tribe Elsholtzieae and sister to Perillula. -Ombrocharis grouped closely with Collinsonia and Elsholtzia in the first set of analyses (Fig. 3) , indicating a close relationship between Ombrocharis and tribe Elsholtzieae. We included all six genera of Elsholtzieae in the second set of analyses, the first phylogenetic analysis to do so. Our results (Figs. 4, 5 ) demonstrate that Ombrocharis is closely related to Perillula and the two genera form a clade sister to the rest of Elsholtzieae. Notably, the branch lengths of the two genera are both short, suggesting low sequence variation between them.
After careful examination and comparison of the morphological traits, we found that Ombrocharis shares some features with other genera of tribe Elsholtzieae. One shared feature is divergent stamens included in, or long exerted from the corolla. Another shared character state is the weakly 2-lipped corolla with short and ± porrect lobes and short corolla tube. Corollas are 4-5-lobed with the posterior lip entire or shallowly 2-lobed, and the anterior lip 3-lobed with lobes subequal (e.g., Ombrocharis, Perillula, and Perilla) or the median lobe much larger and distinct (especially in Collinsonia). Furthermore, Ombrocharis has an asymmetric disc with a somewhat elongate anterior lobe (Fig. 1G) , which is shared with the rest of Elsholtzieae. Although some of these features can also be found in tribe Mentheae and tribe Ocimeae, the particular combination of characters further supports the molecular phylogenetic analysis results that suggest Ombrocharis is a part of tribe Elsholtzieae. However, it is unclear at this time whether any of these characters is actually apomorphic.
Perillula is monotypic with the single species P. reptans Maxim. endemic to Japan (Murata & Yamazaki, 1993) . Only a few studies (e.g., Zhou & al., 1997; Funamoto & Ogawa, 2014) have included the genus since its initial description by Maximowicz (1875) , and it has not been included in a molecular phylogenetic publication prior to this study. In addition to their sister relationship in the cpDNA tree (Fig. 4) , Ombrocharis and Perillula also bear morphological similarities. For example, February 2016: 123-136 the two genera are both characterized by short, tuber-like rhizomes; 6-flowered verticillasters in terminal racemoid thyrses; a campanulate, 11-veined, 2-lipped, and 5-lobed (3/2) calyx; a campanulate, slightly bilabiate, and 5-lobed (2/3) corolla; longer and included anterior stamens; and ± parallel and separate thecae with a small connective (Maximowicz, 1875; Wu & Li, 1977; Murata & Yamazaki, 1993) . We also compared our pollen grain and mericarp SEM results for Ombrocharis (Fig. 2) with those of Zhou & al. (1997: figs. 23, 24, 45, 46) for Perillula. Both genera have prolate pollen grains with bireticulate sculpturing and perforations on the ridges, and compressed obovoid and smooth mericarps (because the mericarp sculpture of Perillula was not clearly shown in Zhou & al. 1997 , we were unable to compare that feature for the two genera). The main differences seem to lie in the stem and leaf morphology. In Ombrocharis, the stems are erect, and the leaves are oblongovate and 4-12 cm long, while in Perillula, the stems are decumbent below and ascendent to erect above, and the leaves are ovate and 1.5-4 cm long. These characters per se do not warrant generic division, especially given that generic limits are arbitrary. Furthermore, considering that our study includes only one accession of Ombrocharis dulcis from a single population, and cytological data for the species are still unavailable, we consider it premature to merge the two genera until more thorough investigations are conducted.
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Tribal relationships within subfamily Nepetoideae. - Cantino & al. (1992) adopted the circumscription of the monophyletic Nepetoideae sensu Erdtman (1945) and further proposed a new tribal subdivision for the subfamily based on morphological and molecular studies (Cantino, 1992a, b; Wagstaff, 1992) . Four tribes were recognized: Elsholtzieae, Lavanduleae, Mentheae, and Ocimeae. Early molecular phylogenetic studies (Kaufmann & Wink, 1994; Wagstaff & al., 1995) partly or largely supported this classification, and it was adopted by , but with Lavanduleae subsumed within Ocimeae. Although the three tribes of are well-supported, relationships between the three tribes remain unresolved. Previous studies have either found Ocimeae to be sister to the Mentheae-Elsholtzieae clade (Wagstaff & al., 1995) or Mentheae to be sister to the Ocimeae-Elsholtzieae clade (Wagstaff & al., 1998; Drew & Sytsma, 2012) . All of these results were weakly supported, and none of the studies contained broad sampling within all three tribes.
In our analyses of the cpDNA and nrDNA datasets (Figs. 4, 5) , all three tribes of Nepetoideae received moderate to robust support values. In contrast to the other studies noted above, our results show that Mentheae and Ocimeae group together, but with weak support (Fig. 4 : 0.86/63%/76%; Fig. 5 : 0.92/-/67%); Elsholtzieae is recovered as the sister to the Mentheae-Ocimeae clade. Morphologically, both Elsholtzieae and Mentheae are characterized by ascending or divergent stamens, which are often declinate in Ocimeae. However, corollas of taxa from Elsholtzieae are weakly 2-lipped, while usually distinctly 2-lipped in the other two tribes. Because the sampling within tribe Mentheae and Ocimeae was not extensive in our analyses, further studies of tribal relationships within subfamily Nepetoideae are still needed.
Generic relationships within tribe Elsholtzieae. -Elsholtzieae was formally validated by Sanders & Cantino (1984) and comprises six genera (Collinsonia, Elsholtzia, Keiskea, Mosla, Perilla, Perillula) in the classification of Cantino & al. (1992) . In the molecular phylogenetic study of Nepetoideae by Wagstaff & al. (1995) , tribe Elsholtzieae was represented by Elsholtzia, Collinsonia, and Perilla and formed a well-supported clade. Based on the morphological similarities between Collinsonia and Keiskea, Harley & al. (2003 treated Keiskea as a synonym of Collinsonia. Peirson & al. (2003) explored the phylogeny of Elsholtzieae using the nrITS region and showed that Collinsonia was sister to the clade formed by Keiskea and Perilla, while Elsholtzia was sister to all three genera. Thus, they did not support the incorporation of Keiskea into Collinsonia. None of these studies included Mosla or Perillula.
This study is the most comprehensive published phylogenetic analysis of tribe Elsholtzieae. Representatives of all seven genera were sampled, and we included Mosla and the two monotypic genera Ombrocharis and Perillula, none of which had been included in previous molecular phylogenetic analyses. We did not adopt the treatment of Keiskea in Harley & al. (2003 but retained its generic status as in Cantino & al. (1992) .
In the nrDNA phylogeny (Fig. 5) , relationships within the moderately supported tribe Elsholtzieae (1.00/60%/84%) are poorly resolved; while in the cpDNA tree (Fig. 4) , tribe Elsholtzieae is a strongly supported group (1.00/100%/100%) and is composed of three clades. Ombrocharis and Perillula form a clade (Figs. 4 and 5: 1.00/100%/100%), as discussed above. The two genera share terminal racemoid thyrses formed by 6-flowered verticillasters (Fig. 1C) , as well as short stamens attached to the middle of the corolla tube and slightly exserted from the tube, features that differ from other genera of Elsholtzieae.
The second well-supported clade (Fig. 4: 1.00/100%/100%; Fig. 5: 1.00/85%/93%) consists of Collinsonia, Mosla, Perilla, and Keiskea. A shared character state for the four genera that might or might not be apomorphic is the occurrence of 2-flowered (rarely 6-flowered) verticillasters arranged into a racemelike inflorescence or panicle. In the cpDNA tree (Fig. 4) , Keiskea and Perilla are sister groups, with Mosla sister to this clade, while Collinsonia is sister to the Mosla-Keiskea-Perilla clade. In contrast, Keiskea is sister to a clade comprising Mosla and Perilla in the nrDNA phylogeny (Fig. 5) . The two conflicting topologies each received strong support (see Results). It appears that the cpDNA and nrDNA gene regions used here show partially different histories for the three genera (Mosla, Keiskea, Perilla), possibly resulting from chloroplast capture events and/or the influence of incomplete lineage sorting. Morphologically, Mosla is more similar to Perilla in the strongly reticulate-foveolate mericarp and exine ornamentation of the pollen grains (Zhou & al., 1997) and the included stamens, but they differ from each other in the number of fertile stamens, which is four in Perilla (and Keiskea) versus two in Mosla, with the anterior pair reduced.
Regarding the relationship between the eastern North American Collinsonia and eastern Asian Keiskea, our results do not support the treatment of Harley & al. (2003 . Here, Keiskea is shown to be more closely related to either Perilla (Fig. 4) or the Mosla-Perilla clade (Fig. 5) than to Collinsonia. Although our analyses included only one of the six species of Keiskea and two of the four species of Collinsonia, the types of both generic names were sampled (K. japonica Miq., C. canadensis L.). Harley & al. (2003 noted that Collinsonia and Keiskea had many characters in common (e.g., the structure of the inflorescence and morphology of calyx, corolla, mericarp, and disc), with the major difference being the median lobe of the anterior corolla lip (entire in Keiskea vs. more or less fimbriate in Collinsonia), which they consider insufficient for generic separation. However, Hong (2007) compared the micromorphology of pollen grains of Keiskea and Collinsonia and found that these genera could be easily distinguished by exine sculpture (well-developed bi-reticulate vs. perforate or faint/very weakly bi-reticulate without supratectal ridges), columellae (unbranched vs. branched), and intine thickness (one-third to one-half of the total exine thickness vs. two-thirds of the total exine thickness).
The last clade comprises Elsholtzia, represented here by 14 of the ca. 40 species typically ascribed to the genus. Although Elsholtzia can be readily distinguished from other genera of Elsholtzieae by the cylindrical or capitate inflorescence (formed by several-flowered verticillasters) and the exserted stamens, the genus is weakly supported in our cpDNA analyses (Fig. 4 : 0.66/63%/76%) and is paraphyletic in the nuclear phylogeny (Fig. 5) , with the clade formed by E. flava Benth. and E. penduliflora W.W. Sm. (1.00/100%/100%) inserted between the Ombrocharis-Perillula clade and Collinsonia-Keiskea-PerillaMosla clade. Pu (2012) distinguished the two closely related species, E. flava and E. penduliflora, from the remainder of the genus in having stamens exserted from the posterior corolla lip (vs. ascending divergent in other species of Elsholtzia), an anterior disc lobe shorter than the ovule (vs. longer), and a sub-basal abscission-scar (vs. basal). Pu (2012) suggested that the exclusion of the two species would make Elsholtzia more homogeneous and more strongly supported. Our results partly support Pu (2012) : if a new genus were erected to accommodate E. flava and E. penduliflora, the remainder of Elsholtzia would form a better-supported clade (Fig. 4: 
